Background {#Sec1}
==========

Studying medicine can pose a threat to students' health and well-being. A perceived highly competitive environment, the challenges imposed by confrontations with disease, suffering, and death, a high workload, and a lack of social support are among the factors that contribute to a declining general and mental health during medical education. Certain personality traits, above all neuroticism, and coping styles (e.g., emotion-focused coping) seem to be among further pathogenetic factors \[[@CR1]--[@CR3]\].

Apart from the personal suffering, physicians' impaired health and well-being may have a negative impact on the quality and availability of health services \[[@CR4]\]. Against this background, the importance of physician self-care has been included in the most recent version of the Declaration of Geneva \[[@CR5]\].

Effective interventions are needed to address the decrease of health and well-being among medical students during medical school. To design and implement evidence-based health-promoting interventions, we need to know what influenceable factors keep medical students healthy and well during their studies.

To date, a conclusive summary of protective factors for health and well-being during medical education is lacking.

Objective {#Sec2}
---------

Therefore, we conducted a systematic review of peer-reviewed studies with the aim of identifying such factors, that is, predictors of staying healthy and well during medical school.

Methods {#Sec3}
=======

Protocol and registration {#Sec4}
-------------------------

We used a standard review protocol, which was submitted to the funding body prior to the start of the study.

Eligibility criteria {#Sec5}
--------------------

We aimed to summarise studies identifying predictors for health -related outcomes in the natural course. For this, longitudinal, observational studies are appropriate \[[@CR6]\]. Therefore, longitudinal, observational studies published in English or German that reported any protective factors for medical students' health and well-being were included, regardless of length of follow-up and using any outcomes related to health and well-being of medical students. We excluded cross-sectional studies, interventional studies, reviews, qualitative research, studies not targeting medical students, and publications not reporting results. Medical curricula, admission criteria and the context of medical education change over time. Taking into account the respective impact on predictors for health and well-being, we restricted the search to articles published since January 2001.

Information sources {#Sec6}
-------------------

Electronic databases, including MEDLINE, EMBASE, and PsychInfo, were searched, through the Ovid platform \[[@CR7]\] (last update: July 2018).

Search {#Sec7}
------

Items for the search algorithm (Additional file [1](#MOESM1){ref-type="media"}) were collected and collated in a multifold expert group procedure based on existing MeSH terms. We screened the reference lists of included studies and previous systematic reviews on similar topics.

Study selection {#Sec8}
---------------

Two review authors (HR and KV) independently evaluated all titles and abstracts for eligibility (cf. Eligibility criteria). We resolved disagreements by consensus or discussion with a third reviewer (CV). If multiple reports described the same study, we chose the most recent full-text publication in a peer-reviewed journal as the main report. Two authors (SF and MH) screened these selected full texts for eligibility (cf. Eligibility criteria) with disagreements being resolved by a third reviewer (LS).

Data collection process {#Sec9}
-----------------------

Two authors (TK and SF) independently extracted data from the full-text articles. They used a self-developed, piloted extraction form accompanied by a codebook created for this review. Reviewers resolved disagreements by consensus or through discussion with a third author (MH).

Data items {#Sec10}
----------

We extracted data regarding study sites, duration, outcomes and independent variables, number of participants, response rate and lost-to-follow-up, statistical methods and risk estimates, conclusions and limitations of the included studies.

Risk of bias in individual studies {#Sec11}
----------------------------------

Two authors (TK and SF) independently assessed the quality of the included reports by using the Newcastle-Ottawa Scale \[[@CR8]\]. Disagreements were resolved by discussion with a third reviewer (MH) and subsequent consensus.

Results {#Sec12}
=======

For the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist for this report, see Additional file [2](#MOESM2){ref-type="media"} \[[@CR9]\].

Study selection {#Sec13}
---------------

We identified 5013 references in our literature search, of which 71 studies were potentially eligible for the systematic review. Of these, 65 studies did not meet the inclusion criteria. Six reports \[[@CR1], [@CR10]--[@CR14]\] were included in the full-text analyses (see PRISMA flowchart \[Fig. [1](#Fig1){ref-type="fig"}\]).Fig. 1PRISMA flowchart

Study characteristics {#Sec14}
---------------------

The identified six studies were conducted in the United States (US; 2), Germany (2), Norway (1), and Malaysia (1). All studies were published as full-text English-language peer-reviewed journal articles between 2006 and 2016. The median duration of observation was one year (range: 0.75 to 6). The size of the longitudinal sample ranged from 42 to 792 (median: 229.5).

Risk of bias within studies {#Sec15}
---------------------------

The methodological quality of the included studies was heterogeneous and overall mediocre (see Additional file [3](#MOESM3){ref-type="media"}: Table S1). The assessment of potential predictors and outcomes was based on students' self-written reports in all studies. No study employed objective measurements of health and well-being. Two studies had a follow-up rate \< 50% and did not describe those lost \[[@CR10], [@CR11]\], one study did not report the follow-up rate \[[@CR12]\]. There is no common minimum length of follow-up for studies aiming to identify predictors for health-related outcomes. But even assuming a relatively short period of follow-up of one year, two studies failed to reach this period \[[@CR13], [@CR14]\].

Results of individual studies {#Sec16}
-----------------------------

The studies featured a wide variety of outcomes and potential predictors (see results of individual studies in Additional file [4](#MOESM4){ref-type="media"}: Table S2). One study (\[[@CR1]\]) used life satisfaction and another study (\[[@CR13]\]) chose general health as single outcomes. All other studies employed outcomes more or less closely related to mental health (resilience \[i.e., absence of burnout \[[@CR10]\]\], anxiety and depression \[[@CR11]--[@CR13]\], emotional, personal, and social well-being \[[@CR14]\], stress \[[@CR12]\]). One tool was used in more than one study: the Hospital Anxiety and Depression Scale (HADS) \[[@CR15]\]. Other tools used for outcome assessment were the Maslach Burnout Inventory (MBI) \[[@CR16]\], the short-form version of the Depression Anxiety Stress Scale (DASS-21) \[[@CR17]\], and the short form of the Mental Health Continuum (MHC-SF) \[[@CR18]\].

Amongst potential predictors for the aforementioned outcomes, personal characteristics/personality, perceived (medical school) stress/stressors, coping, social support, and sociodemographic variables were assessed. The authors of the included studies used an even wider variety of tools and questions for the assessment of potential predictors (see in Additional file [4](#MOESM4){ref-type="media"}: Table S2).

This diversity of the employed questionnaires led to few consistent results across the studies. Lower levels of neuroticism were identified as protective against the decline of health and well-being during medical education in two studies \[[@CR12], [@CR13]\]. Lower levels of subjective medical school-associated stress were correlated with better health outcomes in two studies \[[@CR1], [@CR11]\]. Among other factors connected to health/well-being at the end of the included longitudinal studies, were adequate coping (e.g., less emotion-focused coping \[[@CR1]\], regular physical activity \[[@CR13]\]), sociodemographic characteristics (lower age \[[@CR13]\], being non-white \[[@CR10]\]), and factors closely related to medical education itself (increased satisfaction with the learning environment \[[@CR10]\], greater agreement that student education is a priority for faculty members \[[@CR10]\], lower striving for perfection \[[@CR13]\], better ability to distance oneself from medicine \[[@CR13]\], no overexertion \[[@CR11]\]).

The effects were overall small to moderate.

Synthesis of results {#Sec17}
--------------------

Due to the heterogeneity of potential predictors and outcomes, it was not feasible to conduct any meta-analyses.

Discussion {#Sec18}
==========

Summary of evidence {#Sec19}
-------------------

In our systematic review of observational studies that aimed to identify modifiable predictors for good health and/or well-being of medical students, we found few consistent results. The included studies concur in identifying protective factors such as low neuroticism, perceived low medical school-associated stress, and sustainable coping strategies.

The two included observational studies with the longest follow-up period found subjective general and medical school-associated stress to be a predictor for students' general and mental health \[[@CR1], [@CR11]\]. In the light of universally accepted stress theories, this is a plausible result \[[@CR19]\]. Furthermore, it constitutes a starting point for health-promoting activities. Stress reduction and stress management interventions for medical students have been extensively studied \[[@CR20]\] and found to be effective for health and well-being related outcomes. However, most of the identified observational studies focused on the individual medical student and literature on setting-based interventions are scarce.

The results of the included studies imply that a positive attitude of teaching and administrative staff towards medical students could promote and protect the students' health and well-being \[[@CR1], [@CR10]\], as also stated by Slavin \[[@CR21]\]. As it is likely that an important prerequisite of such a positive attitude is the good health and well-being of the staff itself, setting-based interventions and health-promotion strategies should aim at all status groups in medical schools.

Low neuroticism has been shown to be a strong protective factor for health and well-being in many other contexts \[[@CR22]--[@CR24]\]. As personality traits are relatively stable by the age most students enter medical school, "treating" neuroticism is a less promising health-promoting intervention when compared to conveying stress management skills. Mediating effects in regard to neuroticism and subjective well-being could be reached through anti-stress techniques, for example, mindfulness training \[[@CR25], [@CR26]\].

Strengths and limitations {#Sec20}
-------------------------

To our knowledge, this is the first systematic review of protective factors for medical students' health and well-being. This systematic review has been conducted by following a rigorous methodological approach. As our review includes studies from different geographical and cultural contexts (US, Europe, Malaysia), it needs to be considered that the perception of health and well-being can vary in different cultures.

Except for two studies \[[@CR1], [@CR11]\], none of the included studies reported an observation period longer than one year. This clearly limits the results with regard to the research question. As the studies showed a low level of comparability among each other, for example, regarding the employed variables and tools, we could not undertake a meta-analysis. The validity of our results is limited by the overall mediocre quality of the included studies. Although it has been shown earlier that self-reported health and well-being is associated with objective health indicators \[[@CR27]\], the lack of the latter in the included studies may pose another limitation. This is particularly important, because medical students are socialized to neglect their own health problems during their education \[[@CR28]\].

Implications for research {#Sec21}
-------------------------

Further research, by using harmonized tools for outcomes, as well as predictors, is needed to determine what keeps students healthy during medical education. Most of the studies not included in this review focused on short-term or one-time interventions (e.g., mentoring or coaching programs, self-awareness workshops, mind-body groups, etc.), which were evaluated shortly after their implementation. However, these studies do not make any statements about the long-term effects on students' health and well-being. Furthermore, these studies relied solely on self-reported data, which are susceptible to a possible social desirability bias. Future studies should be designed to cover the whole period of studies from the beginning until graduation and should include behavioral measurements as outcomes when possible. Not only because of the large numbers of participants needed for such long-term observational studies but also because of the enhanced validity and the possibility of comparing different curriculums, studies should be designed to be multi-center studies.

Implications for practice {#Sec22}
-------------------------

Identifying protective factors is an essential prerequisite for the design of evidence-based health-promoting interventions. Based on the existing knowledge, stress management and coping seminars, as well as measures enhancing the attitude of all status groups in medical schools towards the importance of a high-quality education but also healthy learning environment seem to be promising health-promoting interventions \[[@CR21]\]. To prevent a long-term negative impact on health services quality, these interventions should address the specific needs of students with high neuroticism and should ensure their well-being during and after medical school.

Conclusions {#Sec23}
===========

Less neurotic persons, students with sustainable stress coping and good stress management skills, as well as healthy medical school environments that appreciate students and their educational performances increase the odds of staying healthy and well during the course of studies. This is of great value also for promoting a healthy work force in the future. More research is needed to be able to create an evidence-based model for medical students' health and well-being, which could serve as a framework for the design and evaluation of health-promoting interventions for medical students.

Additional files
================

 {#Sec24}

Additional file 1:Search algorithm. (PDF 35 kb) Additional file 2:PRISMA Checklist. (PDF 191 kb) Additional file 3:**Table S1.** Results of the quality assessment. (PDF 20 kb) Additional file 4:**Table S2.** Characteristics of the included studies. (PDF 44 kb)

DASS-21

:   Depression Anxiety Stress Scale

HADS

:   Hospital Anxiety and Depression Scale

MBI

:   Maslach Burnout Inventory

MHC-SF

:   Mental Health Continuum

PRISMA

:   Preferred Reporting Items for Systematic Reviews and Meta-Analyses

None.

Funding {#FPar1}
=======

This research was funded by the German Research Federation (Grant No. FU 1073/2--1) as an independent public institution that promotes science in Germany. The funding source did not affect the design, conduct, or reporting of the study, or the decision to submit the manuscript for publication.

Availability of data and materials {#FPar2}
==================================

All data and materials are available upon request to corresponding author.

All authors (TK, SF, MH, HR, LS, CV, KV) contributed to the conception and design of the study. TK performed the literature search. All authors (TK, SF, MH, HR, LS, CV, KV) were involved in study selection, data extraction, analysis and interpretation. TK drafted and revised the manuscript. All other authors (SF, MH, HR, LS, CV, KV) critically revised the manuscript for important intellectual content. All authors (TK, SF, MH, HR, LS, CV, KV) read and approved the final version of the manuscript and are accountable for all aspects of the work.

Ethics approval and consent to participate {#FPar3}
==========================================

Not applicable.

Consent for publication {#FPar4}
=======================

Not applicable.

Competing interests {#FPar5}
===================

The authors declare that they have no competing interests.

Publisher's Note {#FPar6}
================

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
